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Introduction {#s1}
============

Cell-derived vesicles were first discovered in 1940 when elementary studies were carried out to show the "biological importance of the thromboplastic protein of blood" ([@R1]). Many years later, in 1967, electron microscopy was used to recognize these subcellular particles ([@R1]). Almost all cells release several types of vesicles, which are generally denominated extracellular vesicles (EVs) ([@R1]-[@R4]).

EVs are spherical particles encircled by a phospholipid bilayer. The diameter of EV mostly ranges from 30nm to 5µm, the smallest being some 100-fold smaller than the smallest cells. In general, EVs have been subcategorized into three groups, exosomes (30-100nm), microvesicles (100-1000 nm) and apoptotic blebs or bodies (50--5,000nm); each of which have different biological impact ([@R1],[@R2],[@R5]-[@R7]). Determination of Size, density, morphology, lipid composition, protein composition, and subcellular origin are the evaluation criteria for assortment about the type of cell-derived vesicles. In the early future, it is expected that also the refractive index, ζ potential, and chemical composition will be accessible from individual vesicles to become relevant novel characteristics ([@R1],[@R7],[@R8]).

Apoptotic bodies are typically larger than 1000 nm in size and have commonly been isolated at 2000×g ([@R1],[@R4],[@R5],[@R9]). Exosomes are small particles of 30--100 nm in diameter with intracellular origin. The multivesicular bodies are originated from endosome compartments and are released after fusing with the plasma membrane as exosomes. This release is dependent on the cytoskeletal activation ([@R1],[@R2],[@R9]). MVs (also called shedding vesicles, shedding microvesicles, or microparticles) is a main class of EVs ([@R1]). This type of EVs has a typical diameter of 100 nm to 1000 nm and bigger than exosomes. In addition, they are particles shed from the plasma membrane of viable cells ([@R1],[@R9],[@R10]). Calcium influx and cytoskeleton reorganization play more important role in the formation of shedding microvesicles (MVs) ([@R5]). Membrane budding and shedding of MVs are resulted from the inactivation of some enzymes including flippase and floppase and activation of the enzyme, scramblase ([@R11],[@R12]).

It is known that MVs includes surface receptors and a number of biologically active molecules such as microRNA, mRNA, lipids and proteins. These molecules can be delivered between the cells by MVs ([@R1],[@R2]). Consequently, MVs may exchange the behavior of recipient cells by this method. There is a growing interest in the utilization of vesicles. It has been revealed that MVs released from Umbilical Cord mesenchymal stem cells (UC-MSCs) may imitate the beneﬁcial effect of UC-MSCs ([@R13],[@R14]).

Thus, UC-MSCs may be a suitable source for therapeutic MVs. UC-MSCs can be easily isolated from umbilical cord blood through a non-invasive and painless method. Various studies have demonstrated that UC-MSC exhibit a higher proliferation capacity than bone marrow (BM-MSC) ([@R15]-[@R18]).

Nevertheless, due to the small size of MVs, their detection is unreliable by conventional detection methods. Isolation of MVs is a challenging procedure. Lack of a standard method for the detection and isolation of MVs lead to the differences in classification criteria and simply reveals one of the principal issues to be solved. For this, we isolated MVs the conditioned medium of UC-MSCs by four different schemes of ultracentrifugation. We examined the effect of using different ultracentrifugation rates on the vesicle size by ﬂow cytometry, dynamic light scattering (DLS) and total protein quantiﬁcation. The prospect of our study was to choose the most convenient speed of ultracentrifugation for the isolation from the conditioned medium MVs of UC-MSCs.

Methods {#s2}
=======

Isolation and culture of UC- MSCs {#s2-0-1}
---------------------------------

Fresh human umbilical cords that are generally discarded after delivery were obtained with the written informed consent of the parents. The research ethics committee at Iranian Blood Transfusion Organization approved this project.

After washing human umbilical cords with PBS, the umbilical cord vessels (one vein and two arteries) were removed. Residual umbilical cords were cut into pieces of 1 mm size and  were transported into culture plates containing low-glucose Dulbecco, Modified Eagle's Medium (DMEM, Bioiea Company) with 10% fetal bovine serum and 1% penicillin and streptomycin (FBS, Gibco BRL Co., USA). Plates were kept at 37°C in a humidified atmosphere with 5% CO2. The culture medium was exchanged after three days and large pieces were removed. The adherent cells were separated by 0.1% trypsin (Gibco BRL Co., USA) and sub cultured. Only cells from three to seven passages were used for further experiments. Characterization of UC-MSCs was examined by flow cytometry technique.

Isolation of MVs {#s2-0-2}
----------------

When the mesenchymal stem cells reached to 80% confluence, the DMEM medium was replaced with fresh RPMI deprived of FBS and added 0.5% bovine serum album (BSA) (Sigma-Aldrich) incubated at 37°C in a humidified atmosphere with 5% CO2 for 72h. The viability of the cell cultured after 72h was \>92% as detected by trypan blue. The conditioned medium was individually transferred into four tubes for a series of sequential centrifugation steps. A multi-step different centrifugation and ultracentrifugation are the most common methods used for the isolation of MVs ([@R12],[@R13]). The first steps are to eliminate large dead cells and large cell debris by consecutive centrifugations at increasing speeds. The samples were centrifuged at 400× g for 10 min and at 2000×g for 20 min. At each of these steps, the supernatant was collected and transferred to new tubes for the next step and the pellet was thrown away. The final supernatant of each tube was collected and ultracentrifuged at each of stated below conditions, 10,000×g, 20,000×g, 40,000×g and 60,000×g in a 12110 angle rotor (Sigma, 3K30, Germany) for 70min at 4°C. The pellet was washed in the plenty of PBS to remove proteins and with centrifugation at the same high speed. The result of this step was microvesicles pellet. MVs were stored at -80°C for the subsequent experiments. Protein content was quantified by Bradford assay kit, (BIO-RAD PROTEIN ASSAY, Cat.No.500-0006).

MVs surface marker analysis {#s2-0-3}
---------------------------

Flow cytometry was used to characterize the isolated MVs. A sample of isolated MV (50μL) was incubated with 4μL of different antibodies CD90, CD106, CD166, CD44, CD63, CD9 and CD34 with appropriate isotype control IgG for 30 min at 4°C. Then 200 μL latex beads less than 1µm (FluoSpheres polystyrene, yellow- green) (molecular probes, USA) were added and samples were immediately analyzed using a flow cytometry.

Dynamic Light Scattering (DLS) {#s2-0-4}
------------------------------

Dynamic Light scattering is one of the most commonly used techniques that frequently utilizes to estimate the size of small particles and the molecular weights of large protein complexes. We applied DLS (Malvern Instruments) to assess the size distributions of UC-MVs. MVs were obtained from the supernatants of UC-MSCs, as previously described. Then MVs size was measured using DLS method. The analyzer presented the size distribution of MVs graphically as intensity plots.

Results {#s3}
=======

Isolation and expansion of UC-MSCs {#s3-0-1}
----------------------------------

UC-MSCs were isolated and identified as previously explained (23). Briefly, the cells had a spindle-shaped morphology and adhered to plastic culture wells or flasks ([Fig. 1](#F1){ref-type="fig"}).

![](mjiri-30-398-g001){#F1}

With flow cytometry analysis, we realized that the expression of MSC markers CD44 and CD73 was positive, whereas the expression of hematopoietic markers CD45, CD34 was negative ([Fig. 2](#F2){ref-type="fig"}).

![](mjiri-30-398-g002){#F2}

UC-MSC-MVs were successfully isolated and determined as previously described (24). Particles were heterogeneous lipid bilayer vesicles of approximately 50 to 1250 nm in diameter ([Fig. 3a](#F3a){ref-type="fig"}, [b](#F3b){ref-type="fig"}). Flow cytometric analysis showed UC-MSC-MVs bear the surface-expressed molecules typically expressed by UC-MSCs, such as, CD90, CD106, CD166 and CD44, and negative for CD34, CD63 and CD9. Microvesicles were pelleted after 70min centrifugation at 10,000× g, 20,000× g, 40,000× g and 60,000× g. It was revealed that the rate of 20,000× g was more efficient for the isolation of MVs. ([Fig. 3](#F3){ref-type="fig"})

###### Fig. 3

![A. Representative dot plots from the flow cytometer. R1 is the gate for MVs and R2 is the gate for beads. The size of MVs in R1 was less than 1μm.](mjiri-30-398-g003){#F3a}

![The isolated microvesicles were stained with fluorochrome--conjugated antibodies; CD90-FITC, CD105-PE, CD166-PE, CD44-FITC, CD63-PE, CD9PE, and CD34-FITC plus reagent. They were positive for CD90 (36.96%), CD105 (39.47%), CD166 (17.41%), CD44 (55.33%) and negative for CD34 (1.48%), CD63 (0.4) and CD9 (0.45).](mjiri-30-398-g004){#F3b}

DLS analysis results for particle size distribution {#s3-0-2}
---------------------------------------------------

Supernatants of UC-MSCs contained MVs. The size of MVs was assessed using Malvern Instruments. The result of DLS method was shown in [Figure 4](#F4){ref-type="fig"}. The first setting (10,000×g) gave two distinct peaks at 971 and 132nm with Z-Average (d.nm) of 879 ([Fig. 4a](#F4a){ref-type="fig"}). The second protocol (20,000 × g) gave a single peak at 542nm with Z-Average of 845 ([Fig. 4b](#F4b){ref-type="fig"}). The third and fourth protocol (40,000 × g and 60,000 × g) gave two separate peaks at 450 and 81.2 nm with Z-Average (d.nm) of 898 and 400nm, 102nm with Z-Average of 527, respectively. The size of particles that were obtained by centrifugation at 40,000×g and 60,000 × g was different between less than 100nm and between 100-1000 nm ([Fig. 4c](#F4c){ref-type="fig"}, [d](#F4d){ref-type="fig"}). This may contribute to the observed difference in sedimentation characteristics by different speeds.

###### Fig. 4

![Dynamic Light Scattering (DLS) results for the size distribution of MVs obtained at the centrifugation rate of 10,000× g. From the relative intensities of the size distribution peaks, appears that there is likely some apoptotic debris within the sample.](mjiri-30-398-g005){#F4a}

![Dynamic Light Scattering (DLS) results for the size distribution of MVs obtained at the centrifugation rate of 20,000× g.](mjiri-30-398-g006){#F4b}

![Dynamic Light Scattering (DLS) results for the size distribution of MVs obtained at the centrifugation rate of 40,000× g. The contamination possibility with exosomes at 40,000× g is less than at 60,000× g.](mjiri-30-398-g007){#F4c}

![Dynamic Light Scattering (DLS) results for the size distribution of MVs obtained at the centrifugation rate of 60,000× g.](mjiri-30-398-g008){#F4d}

Discussion {#s4}
==========

Different types of cells release extracellular vesicles. Various mechanisms such as oncogenic transformation, hypoxia, cellular activation, oxidative stress or death can boost the Production of EVs ([@R1]).

One of the significant constraints in this evolving field is the lack of a standard method for isolation of EVs. As with other methods, there are variations depending on the laboratory setting to isolate EVs. The efficiency for the isolation of vesicles depends on size, density of vesicles, temperature of the fluid in which the vesicles existed, the fraction volume of the vesicles and most importantly the centrifugation speed ([@R6]). For this reason, it is essential to adopt the easy and cost-effective protocol enabling the isolation of EVs with a size between 100-1000nm.

The methods used for the purification and isolation of released EVs including:

1.  a\) Absorption to magnetic/non-magnetic microbeads

2.  b\) Size exclusion chromatography

3.  c\) Differential centrifugation/ ultra-centrifugation with/ without a sucrose gradient cushion. Although this method is time-consuming (4--5h) and requires an ultracentrifuge but due to its facility and high capacity, it is still the most common method ([@R6]).

The possibility of contamination with apoptotic bodies is one of a major issue in the isolation of microvesicles from cell culture medium that results from cells undergoing apoptosis. To inhibit the contamination of samples with apoptotic debris, we used only cultures of cells with a high viability (\>95%) and differential centrifugation/ultracentrifugation. In this study it was found that contamination with apoptotic bodies was decreased at speeds above 10, 000×g (20, 000×g, 40, 000×g, 60, 000×g) although a small degree of dead or dying cells remained and cannot be removed entirely ([Fig. 4](#F4){ref-type="fig"}).

Contamination with exosomes is another potential issue in the isolation of microvesicles. When reviewing the field of microvesicles, a basic protocol with a 70 minutes centrifugation at approximately 100,000×g is most often applied ([@R19],[@R20]). In a review by Xiaomin Zhang et al. in 2014, exosomes are precipitated by centrifugation at ≥100,000× g ([@R21]). Based on the graphs derived from DLS method ([Fig. 4](#F4){ref-type="fig"}), the chance of contamination with exosomes increased when the speed above 20,000×g was used. The density of exosome in the pelleted MVs was higher at the centrifugation rates of 40,000×g and 60,000×g. This indicated that contamination with exosomes could be reduced at lower speeds.

The choice of exact speed greatly influences the purity and yield of isolated of MVs. Our findings indicated that the centrifugation rate of 20,000×g is optimal speed for UC-MVs purification.

Based on our results, it is possible to eliminate most of the contamination when we use appropriate and optimal speeds. However, increasing the purity of samples in this manner will also reduce the yield.

Conclusion {#s5}
==========

It was concluded that there was no need to use the speed higher than 20,000×g for the isolation of microvesicles. The centrifugation rate of 20,000×g is enough to obtain MVs with optimal purity and yield. We observed differences in the fractions obtained by differential centrifugation in terms of vesicle size. The choice of exact speed greatly influences MVs purity and yield. Our findings indicate that 20,000×g is optimal speed for microvesicles purification.
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